Abstract. This study involves the clay sample which is taken from Kampung Kedaik Asal, Rompin site and evaluation of its properties in natural state and after stabilization. The main objectives of this paper is to estimate the optimum lime content (OLC) needed to stabilize the soil by using Eades-Grim pH Test, to determine the optimum moisture content (OMC) and maximum dry density (MDD) of the treated soil by Standard Proctor Test and also the strength value of the soil specimens with different percentages of lime content corresponding with different curing period by Unconfined Compressive Strength (UCS) Test. From this study, the optimum amount to stabilize the clay soil and minimum amount of lime required to stabilize the soil pH level to 12 is 5%. The results showed that addition of lime decreased the maximum dry density (MDD) and increased the optimum moisture content (OMC). Unconfined compressive test on 48 sets of samples has been carried out for 7, 14 and 28 days of curing with different lime contents such as 5%, 7% and 9%. The highest unconfined compressive strength (UCS) achieved is 321 kN/m 2 for clay stabilized with 9% lime content cured at 28 days. From the test results, it was found that the longer the immersion of curing period with higher lime content, the greater the compressive strength of the specimen.
Introduction
Soil such as soft clay is a material with low strength and easily affected by water but it will be strong in dry condition. When there is water available in the soil, it will soften the soil. Due to this phenomenon, it creates a lot of problems at the construction site as wet site condition is the main challenge that causes the soil to become soft and muddy. Therefore, soil improvement methods have to develop in order to fulfill the demands of the society. Soil stabilization is a very useful technique for civil engineering works. It modified the soil properties by improving the soil material possessing the desired engineering properties. Regardless of the purpose of the soil stabilization, the desired results in the creation of the soil material or soil system that will remain in the place under the design use condition for the design life of the project [1] .
Lime stabilization is a method of chemically transforming the unstable soils into structurally sound construction foundation. Lime stabilization is particularly important in highway construction for modifying the sub-grade soils, sub-base materials and base materials. It creates a number of important engineering properties in soils which include improved strength [2] . Lime stabilization is widely used due to its wide range application for various types of soils, economical, availability and permanent effects.
Lime stabilization will improve the soft clay engineering properties immediately. When lime is added to clay, there are three reactions occurring which is dehydration, cation exchange and flocculation-agglomeration and pozzolanic reaction. Lime act as stabilizing agent for clay and produce a binder through slow chemical reaction with silicates in the clay minerals. Throughout the hydration process, calcium hydroxide is formed when quicklime is added and heat is released which resulting large amount of pore water evaporated. The addition of lime to clay will produce calcium, Ca2+ and magnesium ion, Mg2+. These ions tend to replace the Na+ and K+ which will reduce the plasticity index of the clay. The flocculation agglomeration reaction causes the clay particles to flocculate and agglomerate into large clumps which make the clay plasticity reduced and making it more workable without influence the strength of the clay. As for pozzolanic reaction, [2] stated that it produces stable calcium silicate hydrate and calcium aluminate hydrates as calcium from lime reacts with aluminates and silicates from the clay. This reaction can continue for a very long period of time as long as enough lime is present and pH remains high above 10.
Methodology Materials
The materials used for this research are natural clay soil, quicklime and water. The clay sample was collected at Kampung Kedaik Asal, Rompin, Pahang with the coordinate of N-90275.442, E-84766.622. It was excavated at 3m depth below the ground surface. The soil was disturbed sample and was taken to the laboratory in a polythene bag. Soil Laboratory Testing There are some tests conducted such as specific gravity, particle size distribution, Atterberg's limit, Eades-Grim pH test, Standard Proctor test and Unconfined Compressive Strength (UCS) test. The specific gravity test was conducted in accordance with ASTM D854-10: Standard Test Methods for Specific Gravity of Soil Solids by Water Pycnometer. Particle size distribution was conducted with the references Standard: ASTM D422. The sample portion that passed through 75µm sieve was conducted to hydrometer test in order to determine the percentage of different grain sizes contained within a soil. As for the Atterberg's limit tests which includes liquid limit and plastic limit tests was carried out according to the references Standard: ASTM D4318 -Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils. Standard proctor test was conducted with references Standard: ASTM D698 in order to determine the compaction characteristic which is the maximum dry density (MDD) and optimum moisture content (OMC) when different lime content was added to the clay soil. Eades-Grim pH Test was conducted to indicate the soil-lime proportion and to estimate the optimum lime content (OLC) needed to maintain the level pH for sustaining the reaction required to stabilize the soil with reference Standard: ASTM D6276. The unconfined compressive strength was carried out in accordance with ASTM D2166. This test was determined the strength of the soil that has been treated with different percentage of lime. It was conducted with 48 samples at curing period from 7, 14 and 28 days. The sample was compacted to their maximum dry densities with the corresponding moisture content. The preparation of the specimens were wrapped with guni sack (absorptive fabric) and placed in an airtight container disturbed sample and was taken to the laboratory in a polythene bag.
Results and Discussions Soil Classifications
The specific gravity of this untreated clay for this study is 2.52 which normally specific gravity of clay is in the range of 2.7 to 2.8. The value of this untreated clay is less than the range can be explained that it may have the presence of organic substances in the soil. According to the suitability of lime stabilization for soils of different grain size and plasticity, fine-grained materials must more than 25% passing passes sieve No.200 (0.075mm) and plastic index is greater than 10. Based on the Fig. 1, it shows that the soil is fine-grained and more than 25% of soil fraction passes sieve No.200 (0.075mm). The liquid limit (LL) shows that the moisture content is 72% and the plastic limit is 25%. The plastic index from the difference of these two values is 47%. Since the soil is finegrained and more than 50% of soil fraction passes sieve No.200 (0.075mm) and the plastic index is higher than 10, therefore the soil is suitable for lime stabilization. According to Fig. 2 , the maximum dry density (MDD) decreases from 1.56 g/cm3 to 1.342 g/cm3 while the optimum moisture content (OMC) increases from 18% to 23% with the increasing of lime content from 0% to 9%. The reduction of MDD is due to the agglomerated and flocculated particles of soil occupy larger spaces and increasing OMC is due to the lime requires more water for the pozzolanic reaction [3] . Fig. 4 , it shows that 5% lime content is the optimum lime content needed to stabilize the clay soil. Optimum Lime Content Fig. 5 show the unconfined compressive strength test versus curing period of 7, 14 and 28 days with different lime content. It shows 3 different locations which are Kedaik, Panching and Chennai for the comparison. For the location of Kedaik, it shows that the unconfined compressive strength (UCS) increase linear with the curing period for lime contents of 5%, 7% and 9%. When lime content increased from 5% to 9%, the unconfined compressive strength has increased from 240 kN/m 2 to 300 kN/m 2 for 7 days curing period which has increased 60 kN/m 2 . As for 14 days of curing period, the compressive strength increased from 265kN/m 2 to 315kN/m 2 which has increased 50 kN/m 2 . On the 28 days, there is not much strength improvement from 280kN/m 2 to 32 kN/m 2 as there was only 41 kN/m 2 strength increased compared to 7 and 14 days of curing period. However, the highest strength achieved was 321kN/m 2 for the treated soil with 9% lime content with curing period of 28 days and the increasing of UCS is due to the stabilization effect of higher lime concentration. Based on the unconfined compressive strength test study that was conducted by Yan (2013) in Panching, Kuantan, Pahang the lime content that was tested are 2%, 4%, 6% and 8%. When the lime contents increased from 2% to 8%, the unconfined compressive strength increased from15kN/m2 to 55kN/m 2 for 7 days curing. For the curing period of 14 days, the unconfined compressive strength increased from 34kN/m 2 to 149kN/m 2 . As for 28 days curing, the strength increased from 59kN/m2 to 173kN/m2. It shows that the optimum curing time for lime stabilization is 28 days with 8% lime content [4] . According to Saranya and Muttharam (2013) , the unconfined Overall, based on the 3 locations of the unconfined compressive strength test, the strength for the clay soil increased with the increase of lime content and as well as increase in curing period. This can be explained due to the effects derived from soil-lime reaction [5] .
Conclusion
Chemical stabilization is a suitable method to improve the strength of weak clay. Based on the data analysis, the following are the conclusions; • The soil for this study is fine-grained and more than 50% of soil fraction passes sieve No.200 (0.075mm) and the plastic index is higher than 10, therefore the soil is suitable for lime stabilization.
•
The optimum lime content (OLC) needed to stabilize the soil at Kedaik, Rompin is 5%.
The maximum dry density (MDD) decreases while optimum moisture content (OMC) increases with increasing of lime content from 0% to 9% which is due to the agglomerated and flocculated particles of soil occupy larger spaces that leads to better workability and lime requires more water for the pozzolanic reactions.
The strength for the clay soil increased with the increase of lime content and as well as increase in curing period is due to the soil-lime reaction that likely to gain more strength during the pozzolanic reactions.
